Abstract. Enhancements of drift-loss cone fluxes in the inner radiation belt have been 15 observed to coincide with the geographic location of the powerful VLF transmitter NWC. In 16 this paper we expand upon the earlier study to examine the occurrence frequency of drift-loss 17 cone enhancements observed above transmitters, the intensity of the flux enhancements, and to ducted propagation is an inefficient mechanism for scattering electrons, which explains the 32 lower cutoff in L of the NWC-generated wisps and the lack of NPM-generated wisps. 
2 absorption. We have also confirmed the persistent occurrence of the wisp features east of the 22 NWC transmitter. The enhancements are initially observed within a few degrees west of NWC, 23 and are present in 95% of the nighttime orbital data east of the transmitter for time periods 24 when the transmitter is broadcasting. No enhancements are observed when NWC is not 25 broadcasting. This provides conclusive evidence of the linkage between these drift-loss cone 26 electron flux enhancements and transmissions from NWC. When contrasted with periods when 27 NWC is non-operational, there are typically ~430 times more 100-260 keV resonant electrons 28 present in the drift-loss cone across L=1.67-1.9 due to NWC transmissions. There are almost no 29 wisp-like enhancements produced by the transmitter NPM, despite its low-latitude location and 30 relatively high output power. The lack of any wisp enhancement for L<1.6 suggests that non-31 ducted propagation is an inefficient mechanism for scattering electrons, which explains the 32 lower cutoff in L of the NWC-generated wisps and the lack of NPM-generated wisps. 
Introduction

34
The behavior of high energy electrons trapped in the Earth's Van Allen radiation belts has been 35 extensively studied, through both experimental and theoretical techniques. During quiet times, 36 energetic radiation belt electrons are distributed into two belts divided by the "electron slot" at 37 L~2.5, near which there is relatively low energetic electron flux. In the more than four decades 38 since the discovery of the belts [Van Allen et al., 1958; Van Allen, 1997] , it has proven difficult 39 to confirm the principal source and loss mechanisms that control radiation belt particles [Walt, 40 1996]. It is well known that large scale injections of energetic particles into the outer radiation 41 belts are associated with geomagnetic storms which can result in a 10 5 -fold increase in the total
Even before the discovery of the radiation belts, high altitude nuclear explosions (HANEs) were 48 studied as a source for injecting electrons in the geomagnetic field. This was confirmed by the 49 satellite Explorer IV in 1958, when three nuclear explosions conducted under Operation Argus 50 took place in the South Atlantic, producing belts of trapped electrons from the β-decay of the 51 fission fragments. The trapped particles remained stable for several weeks near L=2, and did not 52 drift in L or broaden appreciably [Hess, 1968] . Following on from Operation Argus, both the US 53 and USSR conducted a small number of HANEs, all of which produced artificial belts of trapped 54 energetic electrons in the Earth's radiation belts. One of the most studied was the US "Starfish injected, although over a wide range of L-shells from about L=1.25 out to perhaps L=3 [Hess, 58 1968]. The detonation also caused artificial aurora observed as far away as New Zealand, and an 59 electromagnetic pulse which shut down communications and electrical supply in Hawaii, 60 1300 km away [Dupont, 2004] . 61 The artificial belts produced by this Starfish Prime HANE allowed some understanding of the 
64
Collisions with atmospheric constituents are the dominant loss process for energetic electrons 65 (>100 keV) only in the inner-most parts of the radiation belts (L<1.3) [Walt, 1996] . For higher L-66 shells, radiation belt particle lifetimes are typically many orders of magnitude shorter than those 67 predicted due to atmospheric collisions alone, such that other loss processes are clearly The location of NWC is shown by a green diamond, and the subionospheric great circle path 159 from NWC to Dunedin is also marked. In the DEMETER data, NWC produces high power 160 levels in both the source and conjugate hemispheres, although the conjugate location is shifted We have also examined the MEPED >100 keV 0º electron telescope observations. At NWC-269 latitudes this should be measuring electrons in the bounce loss cone. However, we do not see 270 any indication of enhanced bounce loss cone fluxes around NWC. This is likely to be due to the 271 sensitivity of the instrument, as the expected distribution of whistler-generated electron 272 precipitation [Rodger et al., 2007b] is also not present in this data, which is likely to be more 273 intense in some regions than the NWC-driven losses into the bounce loss cone. determined from the expressions in Chang and Inan [1983] . The resonant energy is strongly 323 dependent upon the plasmaspheric electron density, shown in Figure 7 by the gray dotted line.
324
The plasmaspheric electron densities used were interpolated using two sets of experimental when there was a nighttime ionosphere above NPM, NWC would be day lit, which removes the 368 possibility of NWC-generated wisps. We examined 36 orbits eastwards of nighttime NPM. the >100 keV flux due to NWC at L=1.7 should be only 25% higher than that due to 397 18 transmissions from NPM [Kulkarni et al., 2008] . This study also suggests that the peak in The lower L-shell limit of the whistler mode signals at L=1.6 in Figure 9 is consistent with the 442 ducted whistler-mode propagation seen in the previous figures of the current study, and the 443 upper limit at L=2.6 is consistent with the half-gyrofrequency cutoff for inter-hemispheric 444 ducted propagation [Clilverd et al., 2008] . From the data in Figure 9 we can see that although just outside those of the wisp). In addition, it is likely that NWC will cause significant resonant 491 scattering at pitch angles far from the loss cone, which will contribute to the long term loss rate. This will alter the pitch angle distribution of the trapped electrons, and deserves further study. (black), and the plasmaspheric electron number density used in this calculation (dashed gray).
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The crosses mark the mean L and energy for typical wisps as described in Table 2 . 
